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(54) THICK FILM RESISTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To form, on a ceramic 
substrate with low thermal expansion, a lead-free 
thick film resistor with a stable resistance which is 
hard to get affected by transitions of a burning 
process. 

SOLUTION: The main component of the thick film 
resistor is Ru02 and Si02-B203-K20 glass, the 
composition of which is 60 wt.% <Si02<85 wt.%, 15 
wt.%<B2O3<40 wt.%, 0.1 wt.%<K2O<10 wt.%, and 
impurities <3 wt.%, where Ru02 with its specific 
surface area of 30-80 m/g2 is used, and the condition 
is appropriate which K20 of 0.8-4 wt.%, with Ru02: 
100 wt.%, is fixed onto Ru02. Furthermore, in making 
a high resistor of 100 kQ/(square) and more, it is 

desirable to add glass containing oxide of a transition metal and B203 to the thick film 
resistor, or to add oxide of a transition metal of 5 wt.% and less to the thick film resistor 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Ru02 It is the thick film resistor which is a thick film resistor containing Si02-B-2 03-K2 
O glass, and is characterized by the presentation of said Si02-B-2 03-K2 O glass being 60wt% 
<=Si02 <=85wt%15wt%<=B-2 03 <=40wt%0.1wt%<=K2 O<=10wt% impurity <=3wt%. 
[Claim 2] Said Ru02 Specific surface area is a thick film resistor according to claim 1 characterized 
by being 30-80m2 / g. 

[Claim 3] Said Ru02 In a front face, it is Ru02. : Thick film resistor according to claim 1 or 2 
characterized by 0.8 - 4wt% K2 O having adhered to 100wt%. 

[Claim 4] A transition-metals oxide and B-2 03 Thick film resistor according to claim 1 to 3 
characterized by adding the addition glass to contain. 

[Claim 5] The thick film resistor according to claim 1 to 4 characterized by adding the oxide of the 
transition metals not more than 5wt%. 

[Claim 6] said Si02-B-2 03-K2 O glass - Zr02 a particle - 1 - 20wt% - thick film resistor 
according to claim 1 to 5 characterized by being added. 

[Claim 7] Said Zr02 A particle is a thick film resistor according to claim 6 characterized by mean 
particle diameter (D50) being 3 micrometers or less. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the thick film resistor which does not contain lead. 
[0002] 

[Description of the Prior Art] When forming a resistor by the thick-film method on the surface of a 
ceramic substrate, a thick film resistor pattern is printed with a thick film resistor paste, and he 
calcinates this, and is trying to form a thick film resistor conventionally. Current and a thick film 
resistor are the sizes of the temperature characteristic and resistance range, and, generally the 
mixture of Ru oxide and glass is used. However, the glass used for the thick film resistor contained 
lead (Pb) by the following reasons. 

[0003] (1) The electric resistance of a thick film resistor is realized in both resistance by contact of 
the impalpable powder of conductive material (Ru oxide), and the resistance obtained through the 
thin film of the glass between conductive material. However, when forming the thick film resistor of 
the high resistance more than lOOkohm/**, in order to lessen conductive material, the resistance 
obtained through the film of the glass between conductive material becomes dominant, and 
resistance tends to change by slight fluctuation of a baking process, a this cure sake — Ru02 Pb2 Ru 
206 with high resistivity, and Bi2 Ru 207 etc. — the approach of making [ many ] the rate of the 
electric conduction by contact of conductive material by making [ many ] the blending ratio of coal 
of conductive material is adopted, using Ru multiple oxide as conductive material. 
[0004] However, it will decompose selectively in a baking process and Ru multiple oxide will make 
the property of a thick film resistor instability. For example, Bi2 Ru 207 A case is decomposed as 
follows. By the solution, it is Ru02 in a thick film resistor Bi2 Ru2 07 ->2Ru02+Bi2 03 at this 
rate. Bi2 Ru 207 It is intermingled. In order to prevent such decomposition, it is necessary to use 
PbO content glass for the glass of a thick film resistor. 

[0005] (2) If PbO is included in the glass of a thick film resistor, properties, such as the melting point 
of glass and a coefficient of thermal expansion, can be adjusted easily, and property adjustment of a 
thick film resistor is easy. 
[0006] 

[Problem(s) to be Solved by the Invention] However, a leaden activity needs to develop preferably 
the thick film resistor which does not use lead immediately from an environmental problem. 
[0007] Moreover, although it is necessary to apply compressive force to a thick film resistor from a 
ceramic substrate, and to prevent progress of a micro crack, therefore to make the coefficient of 
thermal expansion of a thick film resistor smaller than the coefficient of thermal expansion of a 
ceramic substrate in order to secure the long-term stability of a thick film resistor The coefficient of 
thermal expansion of Ru multiple oxide is 8.0 - 10.0xl0-6/degree C. Since it is quite larger than the 
coefficient of thermal expansion (4 - 6xl0-6/degree C) of the ceramic substrate of low thermal 
expansion, It is desirable to use Ru02 (5 - 6xl0-6/degree C) with a small coefficient of thermal 
expansion as conductive material to a ceramic substrate. 

[0008] However, it is Ru02 as mentioned above. Since resistivity is smaller than Ru multiple oxide, 
it is a high resistor more than lOOkohm/** Ru02 It is Ru02 when forming by the thick film resistor 
of a system. It is necessary to lessen the blending ratio of coal and to make [ many ] the blending 
ratio of coal of glass, and resistance tends to change by slight fluctuation of a baking process. 
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[0009] Moreover, although the approach of printing overcoat glass on the surface of a thick film 
resistor, and carrying out simultaneous baking of both is proposed in order to apply compressive 
force to a thick film resistor, a printing routing counter increases and this approach has the fault to 
which production efficiency falls. And in order to have to perform adjustment (laser trimming) of the 
resistance of the thick film resistor after baking through overcoat glass, the probe for resistance 
measurement used at the time of laser trimming becomes dirty with glass, the measurement error of 
resistance becomes large with the dirt, and there is also a fault that trimming precision falls. 
[0010] This invention is made in consideration of such a situation, therefore the object does not 
contain lead, but the thick film resistor by which the resistance which cannot be easily influenced by 
the baking process of fluctuation was moreover stabilized can be formed without overcoat glass, and 
it is in offering the thick film resistor which can improve productivity, trimming nature, and quality. 
[0011] 

[Means for Solving the Problem] In order to attain the above-mentioned object, the thick film 
resistor of claim 1 of this invention is Ru02. The presentation of the glass is as follows including 
Si02-B-2 03-K2 O glass. 

60wt%<=SiO2 <=85wt%15wt%<=B-2 03 <=40wt%0.1wt%<=K2 O<=10wt% impurity <=3wt% 
[0012] In almost all cases, a thick film resistor is calcinated below 900 degrees C, and, generally, is 
calcinated at about 850 degrees C in many cases, this — the surface of a ceramic substrate — Ru02 in 
order to use low-melt point point metals, such as Ag and Au, as a conductor It is for antiflashing. In 
order to calcinate a thick film resistor at 850 degrees C, it is desirable for the transition point of the 
glass included in a thick film resistor to be 650 degrees C or less. 

[0013] A glass transition point becomes 650 degrees C or less by considering as the above- 
mentioned presentation, and the Si02-B-2 03-K2 O glass contained in the thick film resistor of this 
invention can be calcinated at 850 degrees C. In this case, if there is less K2 O than 0.1wt(s)% in 
order that K2 O in glass may play the role which lowers a glass transition point, it is difficult for a 
glass transition point to become higher than 650 degrees C, and to calcinate a thick film resistor at 
850 degrees C. Although Na2 O and Li2 O can also lower the glass transition point other than K2 O, 
if Na20 and Li2 O are used, in order to change to a temperature coefficient's of resistance 
(TCR:temperature coefficientof resistance's) minus side a lot, the temperature characteristic of a 
thick film resistor gets worse. A glass transition point can be lowered without worsening the 
temperature characteristic of a thick film resistor like this point and this invention, if K2 O is used. 
[0014] However, if K2 O in glass increases too much, since the coefficient of thermal expansion 
(TECrcoefficient of thermal expansion) of glass will become large, it is not desirable to make 
[ many ] the loadings of K2 O superfluously. Like this invention, if the loadings of K2 O in glass are 
less than [ 10wt% ], the coefficient of thermal expansion of glass will become less than [ 6.0x10- 
6/degree C ], and the coefficient of thermal expansion of the thick film resistor mixed with Ru02 
(coefficient of thermal expansion: 5 - 6xl0-6/degree C) will become less than [ 6.0xl0-6/degree C ]. 
For this reason, when this thick film resistor is formed in the ceramic substrate of low thermal 
expansion (4 - 6xl0-6/degree C), compressive force joins a thick film resistor, or slight tensile force 
is only added, and big tensile force is not added. Thereby, the resistance value change after laser 
trimming is small, and can obtain the stable thick film resistor. 

[0015] In this case, it is Ru02 like claim 2. It is good for specific surface area to use the thing of 30- 
80m2 / g. That is, Ru02 There is an inclination to become easy to concentrate a charge and for an 
ESD (electro static discharge) property to fall, so that specific surface area becomes small. 
According to this invention person's test result mentioned later, it is Ru02. If specific surface area is 
more than 30m2/g, a desirable ESD property is securable. However, Ru02 It is Ru02 when specific 
surface area exceeds 80m2 / g. Since there is a possibility of an oxidation catalyst operation 
becoming strong and making the organic substance igniting spontaneously, it is Ru02. As for 
specific surface area, it is desirable that it is below 80m2/g. 

[0016] Moreover, it is Ru02 like claim 3. To a front face, it is Ru02. : It is good to change into the 
condition that 0.8 - 4wt% K2 O has adhered, to 100wt%. Ru02 Surface K2 O is Ru02. It is made to 
adhere in a manufacture process. Ru02 Surface K2 O is Si02-B-2 03-K2 O glass and Ru02. 
Wettability is raised, the flow obtained through glass is stabilized, while playing the role which 
makes small the change in resistance (burning- temperature dependency) by change of burning 
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temperature, concentration of a charge is prevented and the role which raises an ESD property is also 
played. Ru02 If the above-mentioned effectiveness is small and there is less than [ 0.8wt% ] than 
4wt%, since flow resistance of glass will fall and a temperature coefficient of resistance will change 
to minus a lot, surface K2 O is Ru02. As for surface K2 O coating weight, it is desirable to carry out 
to 0.8 - 4wt%. [ more ] 

[0017] Moreover, it is the oxide of transition metals, and B-2 03 like claim 4. You may make it add 
the addition glass to contain to a thick film resistor. The borate containing the transition metals in 
this addition glass has the conductivity by electronic conduction, and shows a semi-conductor- 
property. Therefore, when surge voltage is impressed, this addition glass prevents a charge focusing 
locally, and plays the role which prevents destruction of the glass of a thick film resistor. When this 
property to sheet resistance is large, the addition effectiveness of addition glass becomes large. 
However, a temperature coefficient of resistance shifts this addition glass to minus in order to show a 
semi-conductor-property. Therefore, in order to satisfy both a temperature coefficient of resistance 
and an ESD property, in the case of the thick film resistor of lOOkohm/**, it is desirable to make the 
addition of addition glass 3 - 15wt%. 

[0018] Moreover, the transition-metals oxide not more than 5wt% may be added like claim 5. If the 
addition of the transition-metals oxide to a thick film resistor is less than [ 5wt% ], the temperature 
coefficient of resistance of a thick film resistor can be adjusted to arbitration by adjusting the 
addition of a transition-metals oxide. In addition, when the addition of a transition-metals oxide 
exceeds 5wt(s)%, there is a possibility that resistance may not be stabilized. 
[0019] By the way, if, as for a thick film resistor, a current flows, self-generation of heat will be 
carried out and temperature will rise. The amount of resistance value changes of a thick film resistor 
becomes large, and stable electrical characteristics are not acquired, so that the amount of 
temperature rises by generation of heat becomes large, since a thick film resistor has the temperature 
characteristic from which resistance changes with temperature changes. Furthermore, if a thick film 
resistor carries out a temperature rise across a heat-resistant limitation, a crack will arise in a thick 
film resistor. Therefore, it is desirable to raise the heat dissipation nature of a thick film resistor, and 
to lessen the temperature rise by generation of heat as much as possible from electrical 
characteristics and heat-resistant both sides. 

[0020] However, in order that a thick film resistor may raise electrical characteristics, such as a 
temperature coefficient of resistance (TCR) and ESD, glass with small thermal conductivity is used. 
Since the thermal conductivity (heat dissipation nature) of a thick film resistor worsens, in order to 
suppress the temperature rise by generation of heat in tolerance by this, it is necessary to lessen 
maximum electric power supplied to a thick film resistor, and to lessen generation of heat of a thick 
film resistor, and the part and power-proof nature (thermal resistance) become low. Especially when 
forming a thick film resistor on a glass ceramic substrate with small thermal conductivity, the heat 
dissipation nature of a thick film resistor gets still worse, and power-proof nature becomes still 
lower. 

[0021] then, the Si02-B-2 03-K2 O glass which is glass of a thick film resistor like claim 6 - Zr02 
a particle — 1 - 20wt% — it is good to make it add. Here, it is Zr02. Thermal conductivity is larger 
than glass and, moreover, a particle is Zr02 at the burning temperature (900 degrees C or less) of a 
thick film resistor. In order that a particle and Si02-B-2 03-K2 O glass may not react, It is Zr02 of 
optimum dose to Si02-B-2 03-K2 O glass. Without degrading the electrical characteristics of a thick 
film resistor, if a particle is added, the thermal conductivity of a thick film resistor can be enlarged, 
heat dissipation nature can be raised, and it becomes possible to raise power-proof nature. Here, it is 
Zr02. It is checked from the experimental result which mentions the proper range of the addition of 
a particle later that it is 1 - 20wt%. 

[0022] However, Zr02 in a thick film resistor It is Zr02 in a thick film resistor that the distributed 
condition of a particle is uneven. Local generation of heat arises in a part with few particles, power- 
proof nature falls by the local temperature rise, and it is Zr02. The addition effectiveness of a 
particle decreases. According to this invention persons 1 experimental result, it is Zr02. It is Zr02 
when the particle size of a particle is large. It is difficult to make homogeneity distribute a particle to 
the whole thick film resistor, and it is Zr02. The addition effectiveness of a particle decreases. 
[0023] Then, it is Zr02 like claim 7. It is desirable to set mean particle diameter (D50) of a particle 
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to 3 micrometers or less. It is Zr02 if it is this particle size. It becomes possible to make 
homogeneity distribute a particle mostly to the whole thick film resistor, and it is Zr02. The addition 
effectiveness of a particle becomes large. 
[0024] 

[Embodiment of the Invention] The thick film resistor of the [example 1] example 1 is Ru02. Si02- 
B-2 03-K2 O glass is used as a principal component, and the additive (addition glass, oxide of 
transition metals) mentioned later is not added. The presentation of the Si02-B-2 03-K2 O glass 
used here is impurity <=3wt% 60wt%<=SiO2 <=85wt%, 15wt%<=B-2 03 <=40wt%, and 0.1 wt% 
<=K2 O<=10wt%. 

[0025] this invention persons produced glass A-G of a presentation of the following table 1, and 
measured the coefficient of thermal expansion (TEC) and glass transition point of each glass A-G. 
[0026] 
[A table 1] 



mm 


Si0 2 

(wtid 


B20 3 
(wt%) 


KzO 
(wtft) 


NajjO 
<wt%) 


(wt%) 


MgO 
(wt%) 


CaO 

<wt%) 


ZnO 
<wt%> 


Li 2 0 
Cwt%) 


TEC 


CO 


A 


79.7 


16.9 


2.3 


0.0 


0.9 


0.0 


0.0 


0.0 


0.0 


2.8 


490 


B 


77.6 


16.8 


4.6 


0.1 


0.8 


0.0 


0.0 


0.0 


0.0 


2.9 


485 


C 


75.6 


21.1 


2.3 


0.0 


0.9 


0.0 


0.0 


0.0 


0.0 


3.1 


490 


D 


73.5 


21.1 


4.4 


0.1 


0.8 


0.0 


0.0 


0.0 


0.0 


3.6 


486 


E 


75.6 


16.8 


6.3 


0.1 


1.2 


0.0 


0.0 


0.0 


0.0 


4.2 


492 


F 


69.6 


27.3 


1.8 


0.2 


0.8 


0.0 


0.5 


0.0 


0.0 


3.2 


500 


G 


72.6 


15.8 


10.0 


0.0 


1.3 


0.1 


0.2 


0.0 


0.0 


5.5 


484 



[0027] The presentations of glass A-G of this table 1 are 69.6wt%<=Si02 <=79.7wt%, 15.8wt% 
<=B-2 03 <=27.3wt%, and 1.8wt%<=K2 O<=10.0wt%. The coefficient, of thermal expansion (TEC) 
of each glass A-G is 2.8 - 5.5x1 0-6/degree C, and a glass transition point is 484-500 degrees C. 
[0028] It is Ru02 about each glass A-G of a table 1, respectively. Since it mixed, the sample of 
seven kinds of thick film resistors shown in the following table 2 was produced and the sheet 
resistance, the temperature coefficient of resistance (TCR), the rate of a change in resistance by ESD, 
and burning-temperature dependency of each sample were measured, the measurement result is 
shown in the following table 2. In addition, the sample of each thick film resistor is CaO-aluminum2 
03-Si02-B-2 03, as shown in drawing 6 . It is formed in the low-temperature baking ceramic 
substrate of a system, and size serves as line breadth of 1 .0mm, and die length of 2.0mm. the 
electrode with which the both ends of the sample of a thick film resistor were formed in the low- 
temperature baking ceramic substrate — a conductor (silver conductor) — it is formed in piles 
upwards. It is formed as all the samples of the table 3 mentioned later, a table 4, a table 6 - a table 8 
are also shown in drawing 6 . 
[0029] 
[A table 2] 
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Ru0 2 


#7* 


<«/□) 


TCR 


ESD 
(%) 




(%) 


KaO 


BET 


<wt*> 




BET 




X 


2.4 


45 


7.5 


A 


17.1 


92.5 




— fiR 




— O 7 




o 


9 A. 


AK 
»0 


7 0 


D 

D 


ICC 

1 D.D 


ifZ.O 




J7VJ 


— Q 9 






3 


2.4 


45 


7.5 


c 


16.6 


92.5 


108,000 


-92 


-9.1 


-0.7 


+0.3 


4 


2.4 


45 


7.2 


D 


15.1 


92.8 


90.000 


-90 


-9.2 


-0.7 


+0.5 


5 


2.4 


45 


6.8 


E 


15.4 


93.2 


92,000 


-93 


-9.5 


-0.6 


+0.7 


6 


2.4 


45 


7.5 


F 


13.6 


92.5 


97,000 


-98 


-9,3 


-0.6 


+0.3 


7 


2.4 


45 


7.5 


G 


14.5 


92.5 


92,000 


-98 


-9.7 


-0.5 


+0.8 



[0030] The samples 1-7 of each thick film resistor are Ru02. To a front face, it is Ru02. : To 
100wt%, 2.4wt% K2 O adheres and it is Ru02. Specific surface area (BET) is 45m2 / g, and the 
specific surface area (BET) of glass is 13.6-17. Im2 / g. The sheet resistance of each samples 1-7 is 
90-108kohm/**, a temperature coefficient of resistance (TCR) is -68 - -98xl0-6/degree C, and a 
burning-temperature dependency is [ the rate of a change in resistance by ESD is -9.1—9.7%, and ] - 
0.5— 0.7%/degree C. Each samples 1-7 are settled in the range where all the data of a temperature 
coefficient of resistance (TCR), the rate of a change in resistance by ESD, and a burning-temperature 
dependency are desirable. 

[0031] In addition, measurement of the rate of a change in resistance by ESD was performed by 
impressing the electrical potential difference of 2kV five pulses. Moreover, a burning-temperature 
dependency is a rate of a resistance value change to change of burning temperature (%/degree C), for 
example, the sheet resistance when calcinating at 850 degrees C is lOOkohm/**, and if the sheet 
resistance when calcinating at 840 degrees C is 93kohm/**, a burning-temperature dependency will 
be computed as follows. 

[0032] Burning-temperature dependency =(100-93)/(850-840) =0.7%/degree C, next Ru02 The 
result of the trial which evaluates the range where specific surface area (BET) is desirable and which 
went to accumulate is shown in the following table 3. 
[0033] 
[A table 3] 

ruo 2 <D&&^m<Dwm 





RuOg 


J?*7* 


b 

(O/D) 


TCR 
(xio*A:) 


ESD 
(%) 




mi** 

(10001W*) 

(%) 


K2O 


BET 






BET 


<wt*> 


8 


2.4 


22 


7 


A 


17.1 


93 


212,000 


-68 


-25.6 


-0.9 


+0.3 


9 


2.4 


33 


7 


A 


17.1 


93 


221,000 


-70 


-18.7 


-0.9 


+0.6 


10 


2.4 


45 


7 


A 


17.1 


93 


227,000 


-75 


-15.8 


-0.9 


+0.4 


11 


2.4 


76 


7 


A 


17.1 


93 


233,000 


-65 


-11 


-0.8 


+0.2 



[0034] Each samples 8-11 are Ru02. Conditions other than specific surface area (BET) are made the 
same, and it is Ru02. Only specific surface area (BET) is changed. Ru02 measured by this trial The 
relation between specific surface area (BET) and the rate of a change in resistance by ESD is 
expressed with the graph to drawing 1 . 

[0035] It is Ru02 so that clearly from a table 3. It is Ru02, although a temperature coefficient of 
resistance (TCR) and a burning- temperature dependency seldom change even if specific surface area 
(BET) changes. There is an inclination to become easy to concentrate a charge and for an ESD 
property to fall, so that specific surface area becomes small. Generally, since the one smaller than - 
10% is desirable, the rate of a change in resistance by ESD is Ru02. It is desirable that specific 
surface area (BET) is more than 30m2 / g (refer to drawing 1 ). However, Ru02 It is Ru02 when 
specific surface area (BET) becomes larger than 80m2 / g. Since there is a possibility that it may 
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become easy to generate an oxidation catalyst operation, and it may ignite spontaneously, it is Ru02. 

As for specific surface area (BET), it is desirable that they are below 80m2 / g. 

[0036] Next, Ru02 The result of the trial which evaluates the range where the coating weight of K2 

O adhering to a front face is desirable and which was performed for accumulating is shown in a table 

4. This test result is expressed with the graph to drawing 2 and drawing 3 . 

[0037] 

[A table 4] 

Ru0 2 &&<OK 2 0<7>tt3§1£<DWffi 





RuG 2 


#7* 


(O/D) 


TCR 


ESD 

<%) 




(%) 


K2O 


BET 


<wt«) 




BET 


Cwt%) 


12 


0 


31 


15.5 


A 


17.1 


84.5 


96,000 


360 


-30 


-6 


+0.6 


13 


0.8 


33 


11 


A 


17.1 


89 


97.000 


70 


-9.5 


-0.87 


+0.4 


14 


2.4 


33 


7.5 


A 


17.1 


92.5 


98,000 


3 


-8.5 


-0.71 


+0.3 


15 


3.2 


32 


7.5 


A 


17.1 


92.5 


102,000 


-50 


-7.5 


-0.51 


+0.3 


16 


4.4 


33 


7.5 


A 


17.1 


92.5 


95,000 


-190 


-7 


-0.55 


+0.3 



[0038] Ru02 Surface K2 O is Si02-B-2 03-K2 O glass and Ru02. The role which the flow obtained 
through glass is stabilized, wettability is raised, prevents concentration of a charge while playing the 
role which makes small the change in resistance (burning-temperature dependency) by change of 
burning temperature, and raises an ESD property is also played. 

[0039] A sample 12 is Ru02. Since K2 O has not adhered to a front face, it becomes easy to generate 
concentration of a charge, the rate of a change in resistance by ESD will become large too much, and 
it will separate from the desirable range. And Ru02 When K2 O has not adhered to a front face 
Si02-B-2 03-K2 O glass and Ru02 Since the flow which wettability falls and is obtained through 
glass is not stabilized, The change in resistance (burning-temperature dependency) by change of 
burning temperature becomes large too much, and it separates from the desirable range (the one 
smaller -1% /than degree C of a burning- temperature dependency is desirable). 
[0040] On the other hand, Ru02 To a front face, it is Ru02. : When K2 O beyond 0.8wt% has 
adhered to 100wt% (samples 13-16), it fits in the range where both the rates of a change in resistance 
and burning-temperature dependencies by ESD are desirable. For this, K2 O of the front face of 
Ru02 is Si02-B-2 03-K2 O glass and Ru02. It is for also playing the role which the flow obtained 
through glass is stabilized, wettability is raised, prevents concentration of a charge while playing the 
role which makes small the change in resistance (burning-temperature dependency) by change of 
burning temperature, and raises an ESD property. 

[0041] However, Ru02 With the sample 16 whose surface K2 O coating weight is 4.4wt(s)%, K20 
coating weight increases too much, flow resistance of glass falls, and a temperature coefficient of 
resistance (TCR) changes to minus a lot. Therefore, Ru02 As for surface K2 O coating weight, it is 
desirable to carry out to 0.8 - 4wt%. 

[0042] Even when the coefficient of thermal expansion of a thick film resistor becomes less than 
[ 6.0x1 0-6/degree C ] and he has no overcoat glass since the coefficient of thermal expansion of 
glass is 2.8 - 5. 5x1 0-6/degree C as shown in a table 1, the resistance value change after trimming is 
small. Moreover, Ru02 Since K2 O is made to adhere to a front face, it is glass and Ru02. 
Wettability is good and cannot be easily influenced by the baking process of fluctuation. For this 
reason, while the high resistor more than lOOkohm/** is also stabilized and being able to form it, it is 
not necessary to include PbO. 

[0043] Moreover, since overcoat glass is not needed, it can be lost that the probe for resistance 
measurement used at the time of trimming becomes dirty with glass, resistance can be measured with 
a sufficient precision, and trimming precision can be improved. 

[0044] The thick film resistor of the [example 2] example 2 is Ru02. To mixture with Si02-B-2 03- 
K2 O glass, it is a transition-metals oxide and B-2 03. The addition glass to contain was added or the 
transition-metals oxide not more than 5wt% is added. The transition-metals oxides used here are 
oxides, such as Zn, Fe, Co, Mn, Cu, Ta, Cr, and Ti. 
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[0045] Since this invention persons produced the addition glass 101-104 of a presentation of the 
following table 5, produced the samples 21-38 shown in the following table 6 using this addition 
glass 101-104 and measured the sheet resistance, the temperature coefficient of resistance (TCR), the 
rate of a change in resistance by ESD, and burning- temperature dependency of each samples 21-38, 
they show that measurement result in the following table 6. 
[0046] 
[A table 5] 



mm 


Si0 2 
(wtft) 


B2O3 
(wtft) 


K2O 
(wtfl 


NazO 


AI2O3 

(wtrt) 




CuO 
(wt%) 


ZnO 
<wt*> 


Ta20 & 
(wt%) 


MnOa 
(wt« 


TEC 

(XlC*/t) 


CC) 


101 


6.2 


28.4 


0 


0 


0 


0 


0 


57.3 


4.5 


0 






102 


0 


33.2 


0 


0 


0.4 


0 


0 


65.4 


0 


0 


4.16 


568 


103 


5 


30 


0 


0 


0 


0 


0 


65 


0 


0 






104 


15 


35 


0 


0 


0 


0 


50 


0 


0 


0 







[0047] 
[A table 6] 



f^7> 


Ru0 2 


#7* 






(□/□) 


TCR 


ESD 

(%) 




(%) 


K 2 0 


BET 


Cwtft) 


mm 


BET 


(wt*) 


mm 




mm 




21 


2.4 


45 


7 


A 


17.5 


93 




0 


103 


1 


256,000 


103 


-150 


-9.8 


+0.5 


22 


2.4 


45 


8 


A 


17.5 


92 




0 


103 


1 


25,000 


10 


72 


-2.2 


+0.4 


23 


2.4 


45 


7 


A 


17.5 


93 




0 


103 


2 


290,000 


-240 


-7.2 


-0.7 


+0.3 


24 


2.4 


45 


8 


A 


17.5 


92 




0 


103 


2 


31,000 


-3 


-1.7 


-0.7 


+0.3 


25 


2.4 


45 


7 


A 


17.5 


93 




0 


103 


5 


380,000 


-330 


-2.4 


-0.8 


+0.4 


26 


2.4 


45 


8 


A 


17.6 


92 




0 


103 


5 


48,000 


-29 


-0.8 


-0.8 


+0.5 


27 


2.4 


45 


7 


A 


17.5 


93 




0 


103 


10 


420,000 


-380 


-1.3 


-0.8 


+0.3 


28 


2.4 


45 


8 


A 


17.5 


92 




0 


103 


10 


61,000 


-40 


-1.1 


-0.7 


+0.4 


29 


2.4 


45 


7 


A 


17.5 


93 


CuO 


1 


103 


5 


240,000 


-170 


-4.3 


-0.8 


+0.3 


30 


2.4 


45 


8 


A 


17.5 


92 


CuO 


1 


103 


6 


35,000 


21 


-1.5 


-0.8 


+0.3 


31 


2.4 


45 


6 


A 


17.5 


94 


CuO 


2 


103 


5 


180,000 


-98 


-9.5 


-0.8 


+0.4 


32 


2.4 


45 


7 


A 


17.5 


93 


CuO 


2 


103 


5 


510,000 


69 


-6.6 


-0.8 


+0.3 


33 


2.4 


45 


7 


A 


17,5 


93 


CuO 


2 


101 


5 


170,000 


-87 


-9.1 


-0.8 


+0.2 


34 


2.4 


45 


7 


A 


17.5 


93 


CuaO 


2 


102 


5 


174,000 


-93 


-9.3 


-0.7 


+0.4 


35 


2.4 


45 


7 


A 


17.5 


93 


104 


4 


103 


5 


186,000 


-95 


-9.2 


-0.7 


+0.3 


36 


3.2 


32 


8 


B 


15.5 


92 


104 


4 


103 


5 


97.000 


-8 


-2.4 


-0.6 


+0.4 


37 


0.8 


33 


11 


D 


15.1 


89 


104 


1 


102 [ 


7 


105,000 


-18 


-3.3 


-0.7 


+0.4 


38 


4.4 


33 


6 


A 


17.1 


94 


CuO 


3 


103 


10 


133,000 


-145 


-8.8 


-0.8 


+0.4 



[0048] addition glass 101-104 - B-2 03 28.4 - 35wt% - ZnO which it contains and is a transition- 
metals oxide, or CuO — 50 - 65.4wt% — it contains. The samples 21-38 of each thick film resistor are 
Ru02. To a front face, it is Ru02. : To 100wt%, 0.8 - 4.4wt% K2 O adheres, and it is Ru02. 
Specific surface area (BET) is 32-45m2 / g, and the specific surface area (BET) of glass is 15.1- 
17.5m2/g. 

[0049] sample 29- CuO [ which is a transition-metals oxide 34 and 38 ] or Cu 201 - 3wt% - it is 
added. The addition of the addition glass of each samples 21-38 is 1 - 10wt%. In addition, it is added 
by samples 35-37 instead of the addition glass 104 containing CuO being a transition-metals oxide. 
Therefore, two kinds of addition glass is added by samples 35-37. 

[0050] Next, the result of the trial which evaluates the addition effectiveness of addition glass and 
which went to accumulate is shown in a table 7. 
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[0051] 
[A table 7] 





Ru0 2 


#7* 


mux?* 


muz 

(O/O) 


TCR 


ESD 

(%) 




(%) 


K 2 0 


BET 






BET 


<wt%> 






41 


2.4 


45 


7 


A 


17.1 


93 




0 


227,000 


-75 


-15.8 


-0.9 


+0.3 


42 


2.4 


45 


8 


A 


17.1 


92 




0 


19,000 


147 


-3.6 


-0.6 


+0.3 


43 


2.4 


45 


7 


A 


17.5 


93 


103 


1 


256,000 


-150 


-9.8 


-0.7 


+0.3 


44 


2.4 


45 


8 


A 


17.5 


92 


103 


1 


25,000 


TO 

72 


-2.2 


-0.7 


+0.3 


45 


2.4 


45 


7 


A 


17.5 


93 


103 


2 


290,000 


-240 


-7.2 


-0.7 


+0.4 


46 


2.4 


45 


8 


A 


17.5 


92 


103 


2 


31.000 


-3 


-1.7 


-0.7 


+0.4 ' 


47 


2.4 


45 


7 


A 


17.5 


93 


103 


5 


380,000 


-330 


-2.4 


-0.8 


+0.5 


48 


2.4 


45 


8 


A 


17.5 


92 


103 


5 


48,000 


-29 


-0.8 


-0.8 


+0.6 


49 


2.4 


45 


7 


A 


17.0 


93 


103 


10 


420,000 


-380 


-1.3 


-0.8 


+0.6 


50 


2.4 


45 


8 


A 


17.5 


92 


103 


10 


61,000 


-40 


-1.1 


-0.7 


+0.7 



[0052] The borate containing the transition metals in addition glass 103 (Zn) has the conductivity by 
electronic conduction, and shows a semi-conductor-property. Therefore, when surge voltage is 
impressed, this addition glass 103 prevents a charge focusing locally, and plays the role which 
prevents destruction of the glass of a thick film resistor. When this property to sheet resistance is 
large, the addition effectiveness of addition glass 103 becomes large. 

[0053] The relation between the addition of the addition glass 103 for which it asked from the data of 
a table 7, the rate of a change in resistance by ESD, and sheet resistance is expressed with the graph 
to drawing 4 . An ESD property improves, so that an ESD property will worsen and the addition of 
addition glass 103 will increase, if addition glass 103 is not added [ so that clearly from drawing 4 / 
when sheet resistance is smaller than lOOkohm/** ] when sheet resistance is larger than lOOkohm/** 
although a good ESD property is securable even if it does not add addition glass 103. Therefore, 
when sheet resistance is larger than lOOkohm/**, it is carrying out optimum dose addition of the 
addition glass, and an ESD property can be improved effectively. 

[0054] Next, the result of the trial which evaluates the addition effectiveness of CuO which is a 
transition-metals oxide and which went to accumulate is shown in a table 8. 
[0055] 
[A table 8] 



fY7*fl> 


RuQ 2 




m^mmm 




<0/d) 


TCR 


ESD 
(%) 




mm* 

(100094**) 
<%) 


K 2 0 


BET 


(wt%) 


mm 


BET 


(wt%) 


mm 


(wttf) 


mm 


£££ 

<wt*> 


51 


2.4 


45 


7 


A 


17.5 


93 




0 


103 


5 


380,000 


-330 


-2.4 


-0.8 


+0.3 


52 


2.4 


45 


8 


A 


17.5 


92 




0 


103 


5 


48,000 


-29 


-0.8 


-0.8 


+0.3 


53 


2.4 


45 


7 


A 


17.5 


93 


CuO 


1 


103 


5 


240,000 


-170 


-4.3 


-0,8 


+0.3 


54 


2.4 


45 


8 


A 


17.5 


92 


CuO 


1 


103 


5 


35,000 


21 


-1.5 


-0.8 


+0.4 


55 


2.4 


45 


6 


A 


17.5 


94 


CuO 


2 


103 


5 


180,000 


-98 


-9.5 


-0.8 


+0.4 


56 


2.4 


45 


7 


A 


17.5 


93 


CuO 


2.5 


103 


5 


510,000 


-69 


-6.6 


-0.9 


+0.5 



[0056] The relation of the addition of CuO, temperature coefficient of resistance (TCR), and sheet 
resistance which were calculated from the data of a table 8 is expressed with the graph to drawing 5 . 
A temperature coefficient of resistance (TCR) becomes small, so that a temperature coefficient of 
resistance (TCR) will become large and the addition of CuO will increase, if CuO is not added [ so 
that clearly from this drawing 5 / when sheet resistance is smaller than lOOkohm/** ] when sheet 
resistance is larger than lOOkohm/** although a temperature coefficient of resistance (TCR) is small 
even if it does not add CuO. Therefore, when sheet resistance is larger than lOOkohm/**, it is 
carrying out optimum dose addition of the CuO, and a temperature coefficient of resistance (TCR) 
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can be improved effectively. However, since there is a possibility that resistance may not be 
stabilized when the addition of CuO exceeds 5wt(s)%, as for the addition of CuO, it is desirable that 
it is less than [ 5wt% ]. In addition, the effectiveness as said example 1 that an example 2 is also the 
same can be acquired. 

[0057] In [an example 3] and time, if, as for a thick film resistor, a current flows, self-generation of 
heat will be carried out and temperature will rise. The amount of resistance value changes of a thick 
film resistor becomes large, and stable electrical characteristics are not acquired, so that the amount 
of temperature rises by generation of heat becomes large, since a thick film resistor has the 
temperature characteristic from which resistance changes with temperature changes. Furthermore, if 
a thick film resistor carries out a temperature rise across a heat-resistant limitation, a crack will arise 
in a thick film resistor. Therefore, it is desirable to raise the heat dissipation nature of a thick film 
resistor, and to lessen the temperature rise by generation of heat as much as possible from electrical 
characteristics and heat-resistant both sides. 

[0058] However, in order that a thick film resistor may raise electrical characteristics, such as a 
temperature coefficient of resistance (TCR) and ESD, glass with small thermal conductivity is used. 
Since the thermal conductivity (heat dissipation nature) of a thick film resistor worsens, in order to 
suppress the temperature rise by generation of heat in tolerance by this, it is necessary to lessen 
maximum electric power supplied to a thick film resistor, and to lessen generation of heat of a thick 
film resistor, and the part and power-proof nature (thermal resistance) become low. Especially when 
forming a thick film resistor on a glass ceramic substrate with small thermal conductivity, the heat 
dissipation nature of a thick film resistor gets still worse, and power-proof nature becomes still 
lower. 

[0059] Then, it is Zr02 to the Si02-B-2 03-K2 O glass which is glass of a thick film resistor in this 
example 3. He is trying to raise power-proof nature by adding a particle. Here, it is Zr02. Thermal 
conductivity is larger than glass and, moreover, a particle is Zr02 at the burning temperature (900 
degrees C or less) of a thick film resistor. In order that a particle and Si02-B-2 03-K2 O glass may 
not react, It is Zr02 of optimum dose to Si02-B-2 03-K2 O glass. Without degrading the electrical 
characteristics of a thick film resistor, if a particle is added, the thermal conductivity of a thick film 
resistor can be enlarged, heat dissipation nature can be raised, and it becomes possible to raise 
power-proof nature. 

[0060] this invention persons are Zr02 to a thick film resistor. In order to evaluate the addition 
effectiveness of a particle, many samples are produced, and it is Zr02. Since the power-proof nature 
assessment trial which evaluates the addition of a particle, sheet resistance, and relation with 
allowance maximum electric power was performed, the test result is shown in the following table 9. 
[0061] 
[A table 9] 
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ZrOz <DWmhZk<DM 





Ru02 
(wt*) 




Zr02 8&JjPfi 
(wtW 


\/ — *WftJir#r 
<£/□) 


(W) 




ifi o*# (wt%) 


61 


8 


A 


92 


0 


82, 000 


0. 1 


62 


8 


A 


91 


1 


81, OOO 


0. 2 


63 


8 


A 


87 


5 


84, OOO 


0. 4 


64 


8 


A 


82 


10 


86, 000 


0. 5 


65 


8 


A 


72 


20 


85, 000 


0. 5 


66 


11 


A 


89 


0 


11, 000 


1. O 


67 


11 


A 


79 


10 


11, 500 


2. 5 


68 


26 


A 


74 


0 


950 


0. 9 


69 


26 


A 


64 


10 


1, 050 


2. 1 


70 


36 


A 


64 


0 


105 


0. 9 


71 


36 


A 


54 


10 


115 


2. 1 


72 


57 


A 


43 


0 


11 


0. 8 


73 


57 


A 


33 


10 


11 


2. 2 


74 


8 


B 


92 


0 


97, 000 


0. 2 


75 


8 


B 


82 


10 


99, 000 


0. 6 


76 


8 


C 


92 


0 


92, 000 


0. 1 


77 


8 


C 


82 


10 


95, 000 


0. 5 


78 


8 


D 


92 


0 


77, 000 


0. 2 


79 


8 


D 


82 


10 


79, 000 


0, 5 


80 


8 


E 


92 


0 


75, 000 


0. 1 


81 


8 


E 


82 


10 


76, 000 


0. 5 


82 


8 


F 


92 


0 


83, 000 


0. 2 


83 


8 


F 


82 | 


10 


84, 000 


0. 5 



[0062] On the glass ceramic substrate, the samples 61-83 of each thick film resistor shown in this 
table 9 were printed and calcinated, and were formed at the lmmxlmm square. A glass ceramic 
substrate is CaO-Si02-aluminum2 03-B-2 03. The glass ceramic substrate (low-temperature baking 
ceramic substrate) which consists of mixture (system glass 60wt% and alumina 40wt%) was used. 
The presentation of the glass A, B, C, D, E, and F blended with each thick film resistor is shown in 
the table 1 shown above. Moreover, Zr02 added to each thick film resistor As for the particle, mean 
particle diameter (D50) used the thing 3 micrometers or less. In addition, mean particle diameter 
(D50) is the particle size of 50% of the particle side of accumulation particle size distribution to 
accumulation. 

[0063] In this power-proof nature assessment trial, the electrical potential difference was impressed 
to the thick film resistor of each samples 61-83 for 5 seconds, the greatest electrical potential 
difference whose rate of a resistance value change of a thick film resistor is 0.1% or less was made 
into the allowance maximum electrical potential difference, and allowance maximum electric power 
was computed by the degree type from this allowance maximum electrical potential difference and 
the resistance of a thick film resistor. 

Allowance maximum electric power = (the allowance maximum electrical potential difference) 
2/resistance [0064] It is Zr02 even when which glass A, B, C, D, E, and F is used as glass of a thick 
film resistor, as shown in a table 9. The sample which added the particle is Zr02. As compared with 
the sample which does not add a particle, it was checked that allowance maximum electric power 
increases notably. 

[0065] Moreover, it is Zr02 so that clearly from the samples 61-65 using Glass A. In the range 
whose addition of a particle is 1 - 10wt%, it is Zr02. It is Zr02, although allowance maximum 
electric power increases so that the addition of a particle increases. In the range whose addition of a 
particle is 10 - 20wt%, allowance maximum electric power hardly changes. Therefore, Zr02 The 
upper limit of the addition of a particle is good to consider as about 20wt%. Moreover, Zr02 It is 
Zr02 when there are few additions of a particle than lwt%. There are little thermally conductive 
improvement in the thick film resistor by addition of a particle and effectiveness on a power-proof 
disposition. Therefore, Zr02 As for the addition of a particle, it is desirable that it is 1 - 20wt%. If it 
is this within the limits, change of sheet resistance can be small and electrical characteristics can 
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increase allowance maximum electric power, without seldom changing. 

[0066] Moreover, according to this invention persons' experimental result, it is Zr02. It is Zr02 
when the mean particle diameter (D50) of a particle is larger than 3 micrometers. It is difficult to 
make homogeneity distribute a particle to the whole thick film resistor, and it is Zr02 in a thick film 
resistor. Local generation of heat arises in a part with few particles, and it is Zr02. The addition 
effectiveness of a particle decreases. 

[0067] On the other hand, Zr02 It will be Zr02 if mean particle diameter (D50) of a particle is set to 

3 micrometers or less. It becomes possible to make homogeneity distribute a particle mostly to the 

whole thick film resistor, and the addition effectiveness of Zr02 particle becomes large. 

[0068] In addition, it cannot be overemphasized that the thick film resistor of this invention is not 

limited to a glass ceramic substrate when printing and calcinating, but you may print and calcinate at 

the ceramic substrate of other classes, such as an alumina substrate. 

[0069] 

[Effect of the Invention] The thick film resistor of claim 1 of this invention can lower a glass 
transition point, without worsening the temperature characteristic of a thick film resistor, since 0.1 - 
10wt% K2 O is included in the glass, including Ru02 and Si02-B-2 03-K2 O glass so that clearly 
from the above explanation. And since the coefficient of thermal expansion of a thick film resistor 
becomes less than [ 6.0x1 0-6/degree C ], even if it forms this thick film resistor in the ceramic 
substrate of low thermal expansion (4 - 6x1 0-6/degree C), big tensile force does not join a thick film 
resistor from a ceramic substrate, but the resistance value change after laser trimming is small, and 
can obtain the stable thick film resistor. 

[0070] Moreover, at claim 2, it is Ru02. Since specific surface area uses the thing of 30-80m2 / g, a 
desirable ESD property is securable. 

[0071] Moreover, at claim 3, it is Ru02. Since 0.8 - 4wt% K2 O is made to adhere to a front face, it 
is Si02-B-2 03-K2 O glass and Ru02. While being able to raise wettability and being able to make 
small the change in resistance (burning-temperature dependency) by change of burning temperature, 
concentration of a charge can be prevented and an ESD property can be raised. 

[0072] Moreover, at claim 4, it is the oxide of transition metals, and B-2 03. Since the addition glass 
to contain was added to the thick film resistor, when surge voltage is impressed, a charge can prevent 
concentrating locally and can prevent destruction of the glass of a thick film resistor. 
[0073] Moreover, like claim 5, since the transition-metals oxide not more than 5wt% was added to 
the thick film resistor, the addition of a transition-metals oxide can adjust the temperature coefficient 
of resistance of a thick film resistor to arbitration. 

[0074] moreover, Zr02 which thermal conductivity is larger than it, and does not react to the Si02- 
B-2 03-K2 O glass which is glass of a thick film resistor with glass in claim 6 a particle — 1 - 20wt% 
— power-proof nature can be raised, without degrading the electrical characteristics of a thick film 
resistor, since it added. 

[0075] Moreover, at claim 7, it is Zr02. Since mean particle diameter (D50) of a particle was set to 3 
micrometers or less, it is Zr02. The whole thick film resistor can be made to distribute a particle to 
homogeneity mostly, and it is Zr02. The addition effectiveness of a particle can be enlarged. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
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(54) THICK FILM RESISTOR 

(57)Abstract 

PROBLEM TO BE SOLVED: To form, on a ceramic substrate with 
low thermal expansion, a lead-free thick film resistor with a stable 
resistance which is hard to get affected by transitions of a burning 
process. 

SOLUTION: The main component of the thick film resistor is Ru02 
and Si02-B203-K20 glass, the composition of which is 60 wt.% < 
Si02<85 wt.%, 15 wt.%<B2O3<40 wt.%. 0.1 wt%<K2O<10 wt.%. and 
impurities <3 wt.%, where Ru02 with its specific surface area of 30- 
80 m/g2 is used, and the condition is appropriate which K20 of 0.8- 
4 wt.%, with Ru02: 100 wt%, is fixed onto Ru02. Furthermore, in 
making a high resistor of 100 k£2/(square) and more, it is desirable 
to add glass containing oxide of a transition metal and B203 to the 
thick film resistor, or to add oxide of a transition metal of 5 wt.% and B £ 
less to the thick film resistor. 
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9 


2.4 


33 


7 


A 


17.1 


93 


221,000 


-70 


-18.7 


-0.9 


+0.6 


10 


2.4 


45 


7 


A 


17.1 


93 


227,000 


-75 


-15.8 


-0.9 


+0.4 


11 


2.4 


76 


7 


A 


17.1 


93 


233,000 


-65 


-11 


-0.8 


+0.2 
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SDftte*<«T*5«l5]A<fc*. ESDCil) 
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T% Ru02 CDhbS^fS (BET) Ii3 0rri2 / g ^ ± 
Ll^ o LfrL. Ru02 

COhb^MfS (BET) ^8 0m2 / g £ lj < 
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[0 0 3 6] ^IC, R u 02 0)affi(cW»LfcK2 0(D 
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Ru0 2 &m<0K 2 O<7>n%&<DWffi 



tV7> 


Ru0 2 


#7* 


(□/□) 


TCR 
(xioVt) 


ESD 

<%) 


eve) 


(lOOOtO/w) 

(%) 


K 2 0 


BET 


(wt*) 


mm 


BET 


Cwt%) 


12 


0 


31 


15.5 


A 


17.1 


84.5 


96,000 


360 


-30 


-6 


+0.6 


13 


0.8 


33 


11 


A 


17.1 


89 


97,000 


70 


-9.5 


-0.87 


+0.4 


14 


2.4 


33 


7.5 


A 


17.1 


92.5 


98,000 


3 


-8.5 


-0.71 


+0.3 


15 


3.2 


32 


7.5 


A 


17.1 


92.5 


102,000 


-50 


-7.5 


-0.51 


+0.3 


16 


4.4 


33 


7.5 


A 


17.1 


92.5 


95,000 


-190 


-7 


-0.55 


+0.3 



[0038] Ru02 <7>^®£>K2 Oli, S i 02 "B 
2 O3 -K2 0#7XtRu02 <tCD>ffi+ltt$-p]±$ 
+i\ *T^^*^LT»&*l«*il*fiS*1tT. MAS 

[0 0 3 9] +»^U 2I4, R u02 <£>S®l3K2 O 

y % ESDic<k««ft«ft»3W*#<<f ya#. »* 

Ll^jEllfr b^^tT 5o L^ts Ru02 WiSl: 
K2 Oi<#*LTL^L^»*J4, S i 02 -B2 03 ~ 
K2 0*7XfcRu02 t <D : MM±tf l&TLT. tf^X 

<bicj:-5«tstt*ft («*asttfftt) ft ya 
- 1 %/°cj: y/hsi>*36<»*Lt^) o 

[0 0 4 0] Z+L|Z*tL. RuO2C0S®IC. Ru 
02 : 1 0 0wt%|:SLts 0. 8wt°/oW±0K2 

0 3&<tt»LTl^5*& (-y-V^H 3— 1 6) I*. ES 
D |C £ 5 ttttttfclb* fc fit J«aft«c#14*<ft L t> 
BSHlriKSSo -*U*. Ru02(DSl(DK2 OA<* S 

1 02 -B2 O3 -K2 0#7XtRu02 tCDMftWi 

tt> */j^s<-r*fi«**fc-rtfti^. £i» 

[0 04 1] {ML. R u 02 S®(DK2 OWfiAU. 

a*T*T5xo!)»a»tS3ft<«TL. ttstaacffft (tc 

R) 3&<-7^-i-^l=*e<*<b^4. »ot, Ru02i 



ffi(DK2 OHMM.it. O. 8 - 4 w t %\--t%>ZL£hm 

[0042] [ZTjk-t&oiz^ fi=7*ommw%%Ltf 

2. 8-5. 5x1 0-6/°CT?fc5fctf>. «Mtftta<*<D 
J»»36S»I*6. Ox 1 0-6/°CUlT^fty. /<— 
a— h#5*ftLT?*. MJ 5>?«<D««ttO>»bl* 
'h*U^o Ru02 «aiCK2 OSftlStt^S 

*7^iRu02 t©»tiit^ft<, «Ainaa> 

[OO 4 3] St-. - h+J^XSi&Ii L4 

ivfcft. ku s>yi»i=«ffl-r**ttiiai3effl^n— if 

*W9XT?»*i* - t *<ft < ft y > f6SifiSCD;Ii|^$mjg 

a< j fT5d<tA<T*#r. h'jsvyiiatfilt**. 

[0 0 4 4] [ftttffi|2] HJSff"J2(DJllS»t/L{*(*. R 
u02 tS i 02 -B2 03 -K2 O*f^^i0)j*S'&tt 
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SSiBU SSI*. 5 w t %&T09&ftUMb4fc££;&n 
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[0 0 4 5] *|gW#e>l* % TIB COS 5 0)fc§5E # 
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Si0 2 
(wt%) 


B 2 0 3 
(wt%) 


K 2 0 
(wt*) 


Na z O 


A1203 

(wt*> 


Fe 2 0 3 
(wt%) 


CuO 


ZnO 
(wt%) 


Ta 2 0 5 
Cwt%) 




TEC 
{xitiVt) 


CO 


101 


6.2 


28.4 


0 


0 


0 


0 


0 


57.3 


4.5 


0 






102 


0 


33.2 


0 


0 


0.4 


0 


0 


65.4 


0 


0 


4.16 


568 


103 


5 


30 


0 


0 


0 


0 


0 


65 


0 


0 






104 


15 


35 


0 


0 


0 


0 


50 


0 


0 


0 
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««« 

(Q/D) 
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(x ioVc) 
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(%) 




U00O1MW 

(%) 


K 2 0 


BET 


(wtt) 


mm 


BET 


9ca X 

(wt%) 


mm 


(wtfi 


mm 


(wt» 


21 


2.4 


45 


7 


A 


17.5 


93 




0 


103 


1 


256,000 


103 


-150 


-9.8 


+0.5 


22 


2.4 


45 


8 


A 


17.5 


92 




0 


103 


1 


25,000 


10 


72 


-2.2 


+0.4 


23 


2.4 


45 


7 


A 


17.5 


93 




0 


103 


2 


290,000 


-240 


-7.2 


-0.7 


+0.3 


24 


2.4 


45 


8 


A 


17.5 


92 




0 


103 


2 


31,000 


-3 


-1.7 


-0.7 


+0.3 


25 


2.4 


45 


7 


A 


17.5 


93 




0 


103 


5 


380,000 


-330 


-2.4 


-0.8 


+0.4 


26 


2.4 


45 


8 


A 


17.5 


92 




0 


103 


5 


48,000 


-29 


-0.8 


-0.8 


+0.5 


27 


2.4 


45 


7 


A 


17.5 


93 




0 


103 


10 


420,000 


-380 


-1.3 


-0,8 


+0.3 


28 


2.4 


45 


8 


A 


17.5 


92 




0 


103 


10 


61,000 


-40 


-1.1 


-0.7 


+0.4 


29 


2.4 


45 


7 


A 


17.5 


93 


CuO 


1 


103 


5 


240,000 


-170 


-4.3 


-0.8 


+0.3 


30 


2.4 


45 


8 


A 


17.5 


92 


CuO 


1 


103 


5 


35,000 


21 


-1.5 


-0.8 


+0.3 


31 


2.4 


45 


6 


A 


17.5 


94 


CuO 


2 


103 


5 


180,000 


-98 


-9.5 


-0.8 


+0.4 


32 


2.4 


45 


7 


A 


17.5 


93 


CuO 


2 


103 


5 


510,000 


69 


-6.6 


-0.8 


+0.3 


33 


2.4 


45 


7 


A 


17.5 


93 


CuO 


2 


101 


5 


170,000 


-87 


-9.1 


-0.8 


+0.2 


34 


2.4 


45 


7 


A 


17.5 


93 


Cu 2 0 


2 


102 


5 


174,000 


-93 


-9.3 


-0.7 


+0.4 


35 


2.4 


45 


7 


A 


17.5 


93 


104 


4 


103 


5 


186,000 


-95 


-9.2 


-0.7 


+0.3 


36 


3.2 


32 


8 


B 


15.5 


92 


104 


4 


103 


5 


97,000 


-8 


-2.4 


-0.6 


+0.4 


37 


0.8 


33 


11 


D 


15.1 


89 


104 


1 


102 


7 


105,000 


-18 


-3.3 


-0.7 


+0.4 


38 


4.4 


33 


6 


A 


17.1 


94 


CuO 


3 


103 


10 


133,000 


-145 


-8.8 


-0.8 


+0.4 
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#+»^;i/2 1 -3 8CD;S*a^^XC0;S»nfi 
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BET 
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mm 
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41 


2.4 


45 


7 


A 


17.1 


93 




0 


227,000 


-75 


-15.8 


-0.9 


+0.3 


42 


2.4 


45 


8 


A 


17.1 


92 




0 


19,000 


147 


-3.6 


-0.6 


+0.3 


43 


2.4 


45 


7 


A 


17.5 


93 


103 


1 


256,000 


-150 


^9.8 


-0.7 


+0.3 


44 


2.4 


45 


8 


A 


17.5 


92 


103 


1 


25,000 


72 


-2.2 


-0.7 


+0.3 


45 


2.4 


45 


7 


A 


17.5 


93 


103 


2 


290,000 


-240 


-7.2 


-0.7 


+0.4 


46 


2.4 


45 


8 


A 


17.5 


92 


103 


2 


31,000 


-3 


-1.7 


-0.7 


+0.4 


47 


2.4 


45 


7 


A 


17.5 


93 


103 


5 


380,000 


-330 


-2.4 


-0.8 


+0.5 


48 


2.4 


45 


8 


A 


17.5 


92 


103 


5 


48,000 


-29 


-0.8 


-0.8 


+0.6 


49 


2.4 


45 


7 


A 


17.0 


93 


103 


10 


420,000 


-380 


-1.3 


-0.8 


+0.6 


50 


2.4 


45 


8 


A 


17.5 


92 


103 


10 


61,000 


-40 


-1.1 


-0.7 


+0.7 
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x«a«381irt-4c4:T?. E S Df#t3:$ , 3SlilB*)l-iiStl!l"t? 

[0 0 5 4] #1-, l^MftttTft£CuO0Sjll 
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mm 
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51 


2.4 


45 


7 


A 


17.5 


93 




0 


103 


5 


380,000 


-330 


-2.4 


-0.8 


+0.3 


52 


2.4 


45 


8 


A 


17.5 


92 




0 


103 


5 


48,000 


-29 


-0.8 


-0.8 


+0.3 


53 


2.4 


45 


7 


A 


17.5 


93 


CuO 


1 


103 


5 


240,000 


-170 


-4.3 


-0.8 


+0.3 


54 


2.4 


45 


8 


A 


17.5 


92 


CuO 


1 


103 


5 


35,000 


21 


-1.5 


-0.8 


+0.4 


55 


2.4 


45 


6 


A 


17.5 


94 


CuO 


2 


103 


5 


180,000 


-98 


-9.5 


-0.8 


+0.4 


56 


2.4 


45 


7 


A 


17.5 


93 


CuO 


2.5 


103 


5 


510,000 


-69 


-6.6 


-0.9 
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[0 0 6 0] *#SW%€>I*. JlffilStt^lC^f SZ r O 
2 ftrf <D ^JJP^S * Pfflfi-T «> fctf) 1= £»©-«-:/ £ 

Z r 02 ifi^CD^APat. htttafiti, l¥ 
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(wt%) 


(£/□) 


W4 1 -w ^ ^ v \ ir •+ 

(W) 




Ben m vwuoy 


61 


8 


A 

A 




0 


82, 000 


0. 1 1 


62 


g 


A 


on 


1 


81, 000 


0. 2 


uO 


g 


A 

A 


O 4 


5 


84, 000 


0. 4 




g 


A 




10 


85 , 000 


0. 5 


DU 


g 


A 


72 


20 


85, 000 


0. 5 


DO 




A 




o 


11, 000 


I/O 


R7 

D * 


1 1 


A 


/ y 


10 


11, 500 


2. 5 


68 


26 


A 

A 




o 


950 


0. 9 




26 


A 




10 


1, 050 


2. 1 




36 


A 




o 


105 


0. 9 


71 


36 


A 

A 


C /I 


10 


115 


2. 1 


72 


57 


A 


43 


0 


11 


0. 8 


73 


57 


A 


33 


lO 


11 


2. 2 


74 


8 


' B 


92 


0 


97, 000 


0. 2 


75 


8 


B 


82 


10 


99, 000 


0. 6 


76 


8 


C 


92 


0 


92, 000 


0. 1 


77 


8 


C 


82 


10 


95, 000 


0. 5 | 


78 


8 


D 


92 


0 


77, 000 


0. 2 


79 


8 


D 


82 


10 


79, 000 


O. 5 


80 


8 


E 


92 


0 


75, 000 


0. 1 


81 


8 


E 


82 


10 


76, 000 


0. 5 


82 


8 


' F 


92 


0 


83, 000 


0. 2 


83 


8 


F 


82 


10 


84, OOO 


0. 5 
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